Résumé. 2014 Des observations au microscope optique révèlent la présence d'ondulations de la position latérale des axes de disclinations appariées ou « stries huileuses » dans la phase L03B1 (smectique A) de 
Introduction.
Defect structures in liquid crystals provide important clues to understanding the symmetry of perfect crystals and their mechanical properties. Paired disclinations, or « oily streaks », with transverse striations are observed in thermotropic smectic [1] [2] [3] , cholesteric [4] [5] , lyotropic (smectic) liquid crystals [6] [7] [8] [9] [10] and most recently in liquid crystalline polymers [11] [12] [13] and polymeric liquid crystals [14,15J and in lamellar phases of mixtures which also have a microemulsion phase [16] . The basic structure of the oily streak is a pair of positive disclinations of strength 1/2 [9] [10] . This structure suggests a straight, smooth form which does not explain the dark transverse striations always observed in disclination pairs between crossed polarizers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In thermotropic smectic A's, the observed striations have been attributed to a row of focal conics [1, 3] which form from the. two disclinations [17] . It has recently been found that the permeation coefficient in lyotropic smectics is extremely small [18] [19] . Since [22] .
On examination between crossed polarizers, the defects seen (Fig.1) closely resemble the typical paired disclinations described in the previous literature [6] [7] [8] [9] [10] . The Asher and Pershan [10] have shown that the paired disclinations have the basic structure shown by the schematic in figure 3 , as first suggested by Kleman et al. [9] . The drawing shows the pattern of the intersection of the smectic layers and a plane normal to the mean axis of the paired disclinations; the two + 1 /2 disclinations centred around P and P' include the same number of layers. The structure of figure 3 can be regarded as a pair of dislocations [9] with equal magnitude of the burgers vector, b, but opposite signs. A dislocation in smectics is composed of a + 1/2 and a -1/2 disclination [23] . In figure 3 , the distance between the -1/2 disclinations has been shrunk to 0 ; figure 2 , the cusped layers surrounding the paired disclinations are absent they are both centred around L, leaving the + 1 /2 disclinations centred around P and P'.
Microscopic observations perpendicular to the midplane of the paired disclinations suggest that the central line L undulates in the plane of the disclination cores. Thus the intersection of the smectic layers with the midplane (at z = 0) resembles figure 4 which is actually based on a tracing of a brightness contour made from figure 2a. L is drawn as a sinusoidal curve. Lines P, P' are drawn with cusps, although the cusps might be slightly rounded Figure 3 is then the intersection of the smectic layers with a plane normal to line L at any point along the undulation.
The structure in figures 3 and 4 explains the appearance of the paired disclinations in photomicrographs recorded with plane polarized light using a crossed analyser (Fig. 1, 2b ). Consider the propagation of a light ray normally incident on the undistorted smectic layers and polarized at an angle n/2-a with respect to the tangent to line L (or polarized at an angle a with respect to the plane of Fig. 3 ). Since the crystal is optically uniaxial with the optic axis normal to the smectic layers, in the defect region, the light will be split into an ordinary component (perpendicular to the plane of Fig. 3 ) and an extraordinary component (in the plane of Fig. 3 ) [24] which travel at different speeds through the crystal. The optic axis changes direction gradually through the defect but it always remains in the plane of figure 3 , that is, perpendicular to the local axis of the defect (line L). Since the ratio of the ordinary to extraordinary index of refraction is very close to 1.0 [24] , the ordinary and extraordinary rays will follow the same straight path [25] [26] through the crystal [27] . The light intensity emerging from the defect region will be elliptically polarized, and will not be totally extinguished by a crossed analyser. The only exceptions appear where the incident electric field is polarized parallel or perpendicular to the tangent to L, in which case the light polarization is all ordinary or extraordinary and thus remains linearly polarized The light intensity passing through the crossed analyser is proportional to cos' (2 a) sin2 (b/2), where 6 is the phase difference between the ordinary and extraordinary rays. The magnitude of 6 is given by Asher and Pershan [10] as a function of x, the distance from P along PL in figure 3 . Thus, as indicated schematically in figures Sa-b there will be two dark « pie slices » per period along the polarizer or analyser direction, perpendicular to the appropriate line segment of L ; they are centred at the cusps in line P (P') and spread out to line P' (P). In figure 1 , these « pie slices » are visible only where the polarizer or analyser are parallel or perpendicular to the mean axis of the paired disclinations in the center. In figure 2b the polarizer and analyser are crossed at 45° to the mean axis of the paired disclinations resulting in bright « cones ».
Fluorescence microscopy independently verifies the proposed structure of the undulations (Fig. 2c, d ). The fluorescent dye molecule has a transition dipole lying in the plane of the smectic layers [20] ; fluorescence is (Fig. 4) (Fig. 7) . Paired disclinations at different heights in thick specimens can also interact. 3 . Discussion.
The undulations of the paired disclinations always exist in our homeotropically aligned fully hydrated specimens of DMPC-water in the L. phase. Straight paired disclinations are seen in the PB-phase [28] , a low temperature phase of DMPC-water. Upon heating, the undulations appear spontaneously at the phase transition to the-La phase.
The undulations occur irregardless of the presence (Fig. 1, 6-7) or absence (Fig. 2) of cusped smectic layers (Fig. 3) Thus it is apparently not necessary for the surface of the inner bilayer to reach its limit for undulations to occur.. This process takes place as the water level outside of the vesicle is lowered below the original height of the vesicle and excess water drains out probably through flaws in the layer structure. The layers do remain fully hydrated The edge of a flattened vesicle is a + 1/2 disclination. We have recorded this process on video tape using a silicon intensified television camera (SIT) attached to the microscope. The undulations between two 15 gum long vesicle edges that are initially straight can appear in less than 100 ms.
We have measured the geometrical properties of about twenty paired disclinations using crossed polarizers and a micrometer eyepiece. The paired disclinations varied in width from 2 to 10 pm. We find that the periodicity of isolated paired disclinations is about 0.9 ± 0.1 times the apparent optical width of the paired disclinations as seen between a crossed polarizer and analyser oriented at at 450 to the mean defect axis (Fig. 2b) [30] . In general, the distance between smectic layers in a disclination must remain nearly constant because B is very large compared with K1/R2 where R is radius of the layer. We calculated the splay energy of the crystal with the undulations and find that it is about one third larger than the splay energy of the crystal with a straight structure. Thus it seems that the undulations should increase the energy of the crystal.
Several other undulation phenomena observed in smectics have been described by the linear elasticity theory. Kleman [31] has suggested that the bead-like modulations at the centre of cylindrical layer patterns observed by Cladis [32] 
Conclusion
We tend to think that the undulations are probably inherent properties of the structure of the paired disclinations in these materials. We suspect that the paired disclinations with transverse striations previously reported elsewhere [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 
